We describe a convenient and specific radioimmunoassay for urinary metanephrine, in which we used an antiserum generated in rabbits by injecting with synephrine conjugated to bovine serum albumin as described by Grota and Brown [Endocrinology 98, 615(1976)]. The antiserum is specific for metanephrine and epinephrine. Epinephrine cross reaction is minimized to 1 % by adding 2 ng of epinephrine to each assay tube. Incubation time is 12 h. The sensitivity of the assay is 40 pg. Within-and between-assay coefficients of variation are 7.0 and 9.7%, respectively. We assayed first-voided morning urine and 24-h urine specimens from 15 normal subjects before and after acid hydrolysis, to assess total and free metanephrine con-
Urinary metanephrine, a significant and specific excretory product of catecholamine metabolism, is useful in the diagnosis of pheochromocytoma and in the screening of hypertensive patients. To date, the methods available for measurement of urinary met.anephrine are time-consuming or limited in precision and specificity (1) (2) (3) (4) (5) . The fluorometric methods, although relatively sensitive, still fail to identify small concentrations (6, 7) . Thin-layer chromatographic (8, 9) and gaschromatographic (10) techniques involve chemical extractions and present numerous problems relating to derivative and sensitive detector instability. We have used an improved method for producing antisera against catecholamines, recently described by Grota and Brown (11), to develop a convenient, sensitive, and precise radioimmunoassay for measuring urinary metanephrine.
Materials and Methods

Reagents and Their Sources1
I3HlMetanephrine with initial specific activity of 
Preparation and Standardization of Reagents
Buffer, NaC1/P, containing normal rabbit serum: Dissolve 1.392 g of dibasic potassium phosphate (K2HPO4, mol wt 174.2), 0.276 g of monobasic sodium phosphate (NaH2PO4.H20, mol wt 138.0), and 8.77 g of NaCl (mol wt 58.5) in about 900 ml of distilled water. Adjust the pH to 7.5 with potassium hydroxide (0.1 mol/liter), and add 10 ml of normal rabbit serum per liter (final concentration).
Add water to a final volume of 1000 ml. Store at 4 #{176}C. Use this buffer to make all dilutions in the assay.
Antiserum against metanephrine was produced as described by Grota and Brown (11). Synephrine was conjugated to bovine serum albumin by use of 75 ml of formaldehyde per liter (final concentration), emulsified with Freund's adjuvant, and injected into rabbits. The resulting antiserum was equally reactive with metanephrine and synephrine. Figure 1 shows standard curves for metanephrine and synephrine. The significant cross reaction observed with epinephrine was minimized by adding 2 ng of epinephrine to each assay tube; after such absorption, epinephrine cross reaction is only about 1%. Norepinephrine, normetanephrine, tyramine, dopamine, 3-methoxytyramine, and vanilmandelic acid cross reactions were <0.2% (Figure 1 ). The antiserum is used at a 5000-fold dilution.
[H3]Metanephrine is diluted with the buffer to obtain a radioactivity of 12 000 cpm.
The metanephrine standard
stock has a concentration of 1 mg/liter of 0.1 mol/liter HC1; the working standard is a 10-fold dilution of this with the buffer. In a radloimmunoassay in which is used antibody against synephrlne/bovine serum albumin Metaneplilne and synepndnedisplacedlabeledmetanepiwineequallyfrom the antibody. Epinepitrine cross reaction was 15% before and 1% after addition 
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Epinephrine is used in a working dilution of 20 zg/ liter of the buffer.
Catecholamine-free urine: Add 10000 cpm of [H3J metanephrine per milliliter to a 50-100 ml urine pool. Add 10 g of Norit A charcoal, and stir continuously with a magnetic stirrer for 12 h at 4 #{176}C. Centrifuge the mixture three times at 25 000 X g for 30 mm each time. An aliquot of the supernatant urine is removed for counting; 1 ml should contain fewer than 0.5% of the original (H3metanephrine counts added.
Equipment
Glass culture tubes, 12 X 75 mm, disposable. Pipet man, 1 ml (Gilson).
Micropipettes,
Carlsberg type (Bolab, Inc., Derry, N. H. 03038).
Centrifuge,
Sorvall Model RC-3 automatic refrigerated centrifuge.
Liquid scintillation counter with quench correction feature, Beckman LS-100 C.
Liquid scintillation counting vials.
Procedures
Hydrolysis of urine:
Conjugates of catecholamines in urine, predominantly ethereal sulfates, are easily hydrolyzed by heating with acid. Only insignificant amounts of catecholamine glucuronide conjugates are excreted, but these also are hydrolyzed. Hydrolysis is performed under nitrogen to ensure that no oxidation takes place. To 1 ml of each sample, 75 tl of HC1 (4 mol/liter) is added. The tubes are vortex-mixed, flushed with nitrogen at 34.5 kPa (5 pounds/inch2) and incubated at 37#{176}C for 12 h. After incubation, 75 Mlof NaOH (4 mol/liter) is added to each tube.
Preparation of metanephrine standard curve: Pipet 0.1 ml of EDTA into each tube, and dilute to 1 ml with the buffer. Add 0.1 ml of catecholamine-free urine to each tube. Add metanephrine standard in the following final concentrations:
10 000, 5000, 1000, 500, 100, 50, 25, 10, and 5 ng/liter. Add 0.1 ml of epinephrine (20 g/ Fig. 2 . Typical standard curvefor urinary metanephrine radioimmunoassay 50% displacement occurs at 0.7 ng metanephrlne; sensitivity is about 40 pg liter), 0.10 ml of 500-fold diluted antiserum, and 0.1 ml of [H3]metanephrine to each tube in the amount previously described and vortex-mix. Allow all tubes to stand at 4#{176}C for 12 h, add 1 ml of saturated ammonium sulfate, vortex-mix, allow to stand for 20 mm at 4 #{176}C, then centrifuge at 1000 X g for 20 mm. Decant the supernatant fluid and discard it. Add 1 ml of water to the precipitate in each tube, vortex-mix, transfer all fluid into 20-ml liquid scintillation counting vials, add 10 ml of scintillation fluid, vortex-mix, and count the antibody-bound tritiated metanephrine for 1 mm. From these data plot a standard curve (see Figure  2) .
Preparation of unknown urine samples:
The procedure is similar to that described for standards, with two exceptions: catecholamine-free urine is not added to the tubes, and the standard metanephrine is replaced with 0.1 ml of the unknown urine sample (hydrolyzed and nonhydrolyzed).
Each sample is adjusted to a final 1-ml volume with the buffer.
Results
Analytical Variables
Specificity:
This metanephrine radioimmunoassay is highly specific, as illustrated in Figure 1 , where it is shown that other urinary catecholamines present in the urine, including epinephrine, norepinephrine, 3-methoxytyramine and 4-hydroxy-3-methoxymandelic acid ("vanillylmandelic acid"), do not significantly interfere with the binding of the labeled metanephrine.
Sensitivity:
The range of the assay standard curve (Figure 2) approximates 40 pg to 5 ng. Sensitivity, the smallest quantity of unlabeled metanephrine that produced a significant mean displacement of [H3]-metanephrine relative to the control (B0) tubes, was 40 pg.
Precision:
The within-assay coefficient of variation (CV) calculated by the Rodbard method (12) for six consecutive assays of a single sample ranged from 5.7 to 8.3% (mean, 7.0%). The between-assay CV ranged from 3.4 to 15.9% (mean, 9.7%).
Quenching: If the same media are used for standard and unknown samples, without intermediate extrac- % CV,, = within-assay coefficient of variation.
8b = between-assaycomponent of variation.
All subjects collected 24-h samples; portions were used In tow separate assays.
5All subjects collected the first-voidedmomkig wine. Portionsof all samples were measured In duplicate in four separate assays. % CV,, within-assay coefficient of variation; 5b = between-assay component of variation.
tions, quenching
is not a significant factor in this assay.
Recovery of metanephrine:
Measured amounts of metanephrine were added to aliquots of a urine specimen known to contain 1.4 g of metanephrine per liter. Final concentrations of metanephrine in the aliquots ranged from 2.2 to 27.0 jzg/liter (Table 1) . Recoveries by radioimmunoassay varied from 80 to 128%. The mean recovery was 109%.
Effect of epinephrine:
Although cross reaction studies indicated that epinephrine would cross react minimally (1%) in the metanephrine assay, the effect of additional epinephrine was studied. Epinephrine in concentrations up to 10 zg/liter of urine was added to urine known to contain 1.4 pig/liter, and metanephrine was measured as described. Recoveries of the endogenous (1.4 big/liter) metanephrine were not altered by the added epinephrine.
Mean and standard error of the mean (SEM) for urinary metanephrine concentration was 1.45 ± 0.022 g/liter for all samples, regardless of epinephrine concentration. This is due to oxidation of epinephrine when urine was incubated at 37 #{176}C in acid medium.
Measurements in urine:
We present here our results for analyses of urine samples from 15 healthy subjects 22 to 40 years of age. We separately assayed specimens of the first urine voided in the morning as well as auquots from 24-h urine collections from the same individuals. Samples were stored at -4 #{176}C until tested. All reagents were stored and all determinations conducted at 4 #{176}C. Urine samples were assayed before and after acid hydrolysis. The results (Tables 2 and 3) a free/total weight ratio of about for metanephrine in the 24-h aliquots; this ratio for the morning specimens was '4, not a significant difference.
Discussion
Our radioimmunoassay for urinary metanephrine is highly specific and allows many samples to be rapidly measured.
Values reported by previously published methods vary markedly; mean values ranging from 5.4 to 54 itg/day (5, 13, 14) . These variations are mainly due to the instability of the fluorophores in the fluorometric methods. These variations and instabilities can be partly eliminated by the use of continuous-flow systems, which improve precision without necessarily improving accuracy, but other compounds that may be present in the urine often will cause falsely high results. Our radioimmunoassay provides sensitivity as well as specificity.
We confirm the report of Grota and Brown (11) that antibody to O-methylated catecholamines can be produced by immunization with p-hydroxyphenethylamines. Specifically, conjugated synephrine resembles metanephrine closely enough to be useful in raising antibodies that have a high degree of cross reactivity with metanephrine.
Significant reaction with epinephrine was also observed, but could be minimized without decreasing the sensitivity for metanephrine. There was essentially no cross reactivity with 4-hydroxy-3-methoxymandelic acid, the major urinary catecholamine metabolite. There was acceptable variabifity (<9%) in results for determinations of metanephrine in samples that had been stored for three months, which indicates that metanephrine is relatively stable in urine. We observed similar values for average free and total metanephrine concentrations in continued morning specimens and 24-h urines; thus morning specimens may be adequate for screening purposes.
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